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Using the AUC
An Ongoing Challenge*Raymond J. Gibbons, MDT he American College of Cardiology Founda-tion effort to develop appropriate use criteria(AUC) for cardiac imaging is now nearly
9 years old. More than 50 reports have been published
with rates of appropriateness and inappropriateness
for single-photon emission computed tomography;
coronary computed tomography angiography; and
transthoracic, transesophageal, and stress echocardi-
ography. Although AUC were intended to provide
guidance to practicing clinicians regarding speciﬁc
patient situations in an effort to reduce inappropriate
imaging, relatively few reports have been published
that have focused on the use of AUC in quality
improvement projects (1–4). None of these previous
quality improvement projects has used a randomized
control trial methodology. Therefore, the work of
Bhatia et al. (5) in this issue of iJACC is an importantSEE PAGE 857step forward. To their credit, these investigators con-
ducted a randomized control trial to prospectively
study the impact of an educational intervention
based on the AUC on the ordering of outpatient trans-
thoracic echocardiography (TTE) by physicians-in-
training. The educational intervention included 3
components: 1) a lecture describing AUC and common
clinical scenarios for TTE; 2) an electronic “pocket
card” with tips for ordering appropriate studies; and
3) monthly individual physician feedback by e-mail.
Although the investigators studied both internal
medicine residents and cardiology fellows working
in outpatient clinics, their report focuses on the cardi-
ology fellows, as they ordered the majority of the*Editorials published in JACC: Cardiovascular Imaging reﬂect the views
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Cardiovascular Imaging or the American College of Cardiology.
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to the contents of this paper to disclose.TTE. Cardiology fellows were randomly assigned to
the educational intervention (the intervention group)
or not (the control group). Compared with cardiology
fellows in the control group, the fellows in the inter-
vention group ordered a higher proportion of appro-
priate TTE (81% vs. 58%, p < 0.001). The reduction
in inappropriate TTE in the intervention group
compared with the reduction in the control group
was even more impressive (13% vs. 34%, p <
0.0019). These provocative results extend a previous
inpatient quality improvement effort from this same
group to the outpatient setting. The investigators
are to be congratulated on their rigorous study design
and their diligence in completing this successful qual-
ity improvement project.
What does an evidence-based clinician need to
know about the internal validity of the results pre-
sented by the investigators? There are a number of
caveats that merit comment. There was a high rate of
inappropriate studies (34%) in the control group,
which exceeds that reported in previous studies of
TTE by a considerable margin (6). Therefore, there
was considerable room for improvement in this
practice. About one-quarter of the patients in the
study group had previous echocardiograms within
the preceding year, one-quarter had a previous his-
tory of myocardial infarction, and more than one-half
had a hospital admission within the preceding year.
Thus, the cardiology fellows had considerable previ-
ous information about this relatively sick group of
patients. The endpoint, the reported rates of appro-
priateness and inappropriateness, was determined by
a gold standard of the consensus of 2 cardiologists,
who agreed 94% of the time. The interobserver
agreement for classiﬁcation of appropriateness has
only been reported in a small number of studies, with
generally much lower levels of agreement (1,7)
(kappas ranging from 0.31 to 0.84). Although the 2
cardiologists were blinded to the assignment of the
cardiology fellows to the intervention group or the
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868control group, it seems possible that the wording of
the clinical notes in the intervention group might
have included terminology from the pocket card,
thereby unblinding the reviewers. The outpatient
clinic in which this study was conducted had a
limited pattern of pre-ordering; the impact of men-
toring by attending physicians is uncertain. Finally,
the investigators report odds ratios determined by
“conditional logistic regression stratiﬁed by the
individual physician” that are very difﬁcult for me to
understand. The odds ratio for ordering an appro-
priate TTE in the intervention group versus in the
control group is reported as 2.7, which seems exces-
sive considering the 81% versus 58% difference in
appropriateness between the 2 groups.
The most important concern is the potential use of
terminology based on the pocket cards by the cardi-
ology fellows. Were the echocardiograms ordered by
the cardiology fellows in the intervention group truly
more appropriate, or did the medical record keeping
simply change to feature approved terminology that
made them appear so? Based on my experience in an
academic nuclear cardiology laboratory, more expe-
rienced physicians often “game” the system to justify
testing: for example, by listing “chest pain” on an
order for a stress test when their own clinical note
describes the patient as asymptomatic. Although
physicians-in-training such as cardiology fellows
seem unlikely to me to game the system to the degree
that I have seen in older physicians, it is difﬁcult to
know how often they were using the approved ter-
minology to justify tests that were not justiﬁable.
Are these results externally valid, that is, will
similar educational efforts succeed in other settings
and achieve the ultimate goal of reducing inappro-
priate tests? The evidence-based reader should
carefully review the investigators’ comprehensive
discussion of the limitations of their study, which
covers almost all of the key issues. I will highlight
them here. It is unclear whether these results in car-
diology fellows will be reproduced in older physicians
who have more established patterns of practice. Pre-
vious quality improvement projects in older physi-
cians have had negative ﬁndings. As the investigators
report, their success in physicians-in-training would
seem to require ongoing effort to be sustainable. Theresource-intensive effort followed in this study will
be difﬁcult to maintain unless it can be automated.
The investigators reported considerable monthly
variations (Figure 2 in their paper). In September, the
control group had no inappropriate TTE and a lower
number of TTE than the intervention group did. Is
this due to chance alone, or to variation in the fellows
and attendings that will limit generalizability?
Most importantly, will this approach successfully
reduce the number of inappropriate TTE, the ultimate
goal of AUC? We do not know. The intervention group
ordered 39% more echocardiograms. This might have
reﬂected the “sicker” patients seen by the cardiology
fellows in the intervention group. However, it might
have resulted from a common misinterpretation that
an “appropriateness” designation in the AUC conveys
necessity, that is, “should be done,” similar to a Class
I guideline recommendation, which it does not. This
may have thereby encouraged more echocardiograms
of uncertain clinical beneﬁt. Future studies will
hopefully shed light on this issue.
What can evidence-based clinicians conclude from
this study, and the previous inpatient study by this
same group? Although quality improvement efforts
focused on the AUC may succeed in physicians-in-
training in academic settings with high baseline
rates of inappropriateness, we do not yet know if they
will succeed in older physicians, in community set-
tings, and in settings with lower baseline rates of
inappropriateness. The investigators’ commendable
use of a randomized control trial design does permit
comparison with a control group to make certain that
other factors were not independently responsible for
the measured change. Prompt feedback to ordering
physicians remains important, but it will be more
difﬁcult when testing is less frequent. The in-
vestigators conclude their paper by calling for a “larger
scale, multicenter trial of this type of intervention
directed at attending staff level physicians and/or
physician extenders. . . .” I could not agree more.
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